This study focuses on regional entrepreneurial ecosystems and offers a complex model of start-ups, Regional Entrepreneurship and Development Index (REDI) and six domains of the entrepreneurial ecosystem (culture, formal institutions, infrastructure and amenities, IT, Melting Pot and demand). Altogether they capture the contextual features of socioeconomic, institutional and information environment in cities. To explain variations in entrepreneurship in a cross-section of 70 European cities, we utilize exploratory factor analysis and structural equation modelling for regional systems of entrepreneurship using individual perception surveys by Eurostat and the REDI Index. This study supports policymakers and scholars in development of new policies conducive to regional systems of innovation and entrepreneurship and serves as a basis for future research on urban entrepreneurial ecosystems.
INTRODUCTION

Corresponding author
A holistic approach to entrepreneurship and innovation has become the most recent trend in the entrepreneurship and innovation policy . Almost two decades studies have focused on national settings that influence innovation (Nelson 1993; Edquist 1997) , rather than regional innovation systems (Cooke 2001) . Independently to the level of settings, systems of innovation represent a combination of socioeconomic, political, institutional and organisational factors that influence innovation activity and business growth (North 1990; Edquist 1997) . Later, Edquist (2005) posits, that innovation system consists of two main elements: institutions and companies. Although, the most recent trend in the national systems of innovation policy is an increasing emphasis on taking a more multi-functional and multi-disciplinary approach (Edquist 2005; Acs et al. 2014) , including the evolution of a florid technology transfer literature, with insights from entrepreneurship, economics and management (Audretsch et al. 2015a) , the literature of innovations systems adds little to a holistic approach to entrepreneurship (Stam 2014; Szerb et al. 2013; Mason and Brown 2012; Audretsch and Link, 2015) . In fact, studies on innovation systems have been missing focus on individual characteristics, personalities and individual's behavior which play an important role in the innovation process and add to a better understanding the entrepreneurial activity (Qian et al 2013) . A holistic approach to entrepreneurship has become a new step in the European entrepreneurship policy (Stam and Nooteboom 2011; WEF 2013; Acs et al. 2014; Autio et al. 2014 ; Levie and Autio 2014; Ghio et al. 2014; Audretsch and Lehmann 2016) , focusing on the role of the entrepreneurial ecosystem and the processes of how it is developed, adapted and sustained. Holistic approach advocates researching entrepreneurial activity as an individual behavior of entrepreneurs embedded within a local content rather than focusing on entrepreneurial activity in isolation (Wright and Stigliani 2012) . Within this framework, the systems approach to innovation is extended to address new firm formation as an important reflection of entrepreneurial and innovation Activity, as opposed to focus on incumbent firms (Qian et al. 2013) . Entrepreneurship needs to be closely linked with the regional innovation systems, which includes regions, innovation, network, learning and interaction (Cooke 2001) . The key insight being that entrepreneurial activity needs to be studied at a local context, where the decisions are taken place, individual traits matter most and the research is scarce (Acs and Szerb 2010; Szerb et al. 2013) . The systemic (holistic) approach to regional systems of entrepreneurship may differ depending on the type of a system. It can be industry specific (e.g. IT cluster in Reading, UK, mobile cluster in Helsinki, Finland) or may include several industries (e.g. Silicon Valley, London Roundabout). Therefore we define systems of entrepreneurship (further ecosystem) as institutional and organisational as well as other systemic factors that interact and influence identification and commercialisation of entrepreneurial opportunities. Systems of entrepreneurship are geographically bounded e.g. Austin, Texas, Cambridge and Oxford in England, Boston area in Massachusetts, Aalto in Finland serve as an example of cities with thriving entrepreneurial ecosystems. Indeed regulation, institutions and norms, infrastructure, city amenities, access to finance and demand vary largely between regions and cities where new ideas and knowledge reside (Bosma and Sternberg 2014; Glaeser et al. 2014; Stuetzer et al. 2014; . Entrepreneurial ecosystem framework determines who becomes an entrepreneur, how individual's perception support entrepreneurial decision-making in the area, and how various domain effect entrepreneurial action and outcomes of the ecosystem (Andersson and Koster 2011; Autio et al. 2014) . A significant progress in the holistic approach to regional systems of entrepreneurship has been the development of the Regional Entrepreneurship and Development Index -REDI ).
Building on regional entrepreneurship Qian et al. (2013) , Szerb et al. (2013) , Audretsch and Lehmann (2016) and systems of innovation literature (Nelson 1993; Edquist 1997 Edquist , 2005 it reveals a widespread acceptance that new business creation exhibit systemic properties when studied at a various spatial scale (Cooke 2001; Acs et al. 2014) . First, empirical data shows significant differences between European regions across countries and within the same country in terms of start-ups and business growth (Bosma, Schutjens and Stam 2009; Belitski and Korosteleva 2010; Fritsch and Storey 2014; Audretsch et al. 2015b) . This is consistent with the notion that entrepreneurial performance is driven by complex, systemic interactions (Audretsch, Keilbach and Lehmann 2006; Autio 2008, 2011) . Second, socioeconomic, institutional, political, organisational and increasingly important informational and technology context differences are persistent over time across regions and countries (Edquist 1997; Autio et al. 2014) , suggesting that entrepreneurial performance is driven by path-dependent processes (Levie and Autio 2011; Fritsch and Wyrwich 2014) . Third, the major function of systems of entrepreneurship is to pursue entrepreneurial activity which spills over through discovering and exploiting of entrepreneurial opportunities (Audretsch and Lehmann, 2005; Acs et al. 2013b ) as well as creation of institutions and the building of capacity that will sustain regional economic development (Feldman 2014) . This study aims to develop a model capturing both regional and local systemic factors to better understand and explain variations in entrepreneurial activity. There are three important contributions for scholars and policy we do. Firstly, methodologically it is important to develop metrics in order to determine the strengths and weaknesses of a regional system of entrepreneurship and the relationship between each domain of the system, so that most relevant components can be assessed and targeted (Mason and Brown 2012) . Second, we estimate the model controlling for joint effect of the REDI Index on start-ups Levie and Autio 2014) and contrast this effect to the six-domain latent construct. This framework describes socio-economic, informational and institutional aspects of entrepreneurship ecosystem. This provides initial clues on how entrepreneurial ecosystem framework conditions affect the rate of entrepreneurial activity. Third, building on the regional systems of innovation and entrepreneurship literature (Nelson 1993; Edquist 1997 Edquist , 2005 Isenberg 2010; Feld 2012; Szerb et al. 2013) we append the ecosystem model with the informational domain e.g. access to information and Internet. In doing do we attempt to define the role of ICT as an important factor which supports entrepreneurial ecosystem framework (Zacharakis et al. 2003; Liu et al. 2015) by increasing the speed of knowledge spillover . Fourth, the model can be applied as a platform that facilitates the development of new policies and correction the existing entrepreneurship and urban policies to support entrepreneurial discovery Qian et al. 2013) in various European and the US regions. The results enable policy-makers and scholars to identify and improve the systemic and framework conditions of entrepreneurship ecosystem and to better explain variations in entrepreneurship across regions.
THEORETICAL BACKGROUND
Entrepreneurial ecosystems
Entrepreneurship plays an important role in economic development (Audretsch and Lehmann 2005; Audretsch et al. 2006; Acs et al. 2008 ), but its decision-making does not happen in isolation from a local context where entrepreneurs operate (Acs et. al. 2014) . In other words, it is recognized that both individual entrepreneurial action and contextual factors (Acs et al. 2014 ) are important (Mason and Brown 2012) . Creating a local context conducive to entrepreneurship and economic development requires the myriad public and private decisions that determine the character of place (Feldman 2014) . Firstly, the individual action is a result of attitudes, aspirations and opportunities given in a certain context where individuals work and live (Wright and Stigliani 2012; Wright 2014; Szerb et al. 2013) . Secondly, the local context influences the type of start-ups: necessity driven vs. opportunity driven (Stam 2014) and how fast they grow (Mason and Brown 2012) . Although the local context research and systemic approach to understanding entrepreneurship has been limited (Acs et al. 2014; Autio et al. 2014) , the research in regional entrepreneurship is well established (Marshall 1920; Saxenian 1994; Audretsch et al. 2006; Stam 2008 Stam , 2014 . In particular the research on positive and negative externalities that impact regional and urban entrepreneurial activity in regions (Sternberg 2009; Estrin et al. 2013; Stenholm et al. 2013; Fritsch and Storey 2014) knowledge spillover theory of entrepreneurship (Audretsch and Lehnman 2005; Belitski 2013, 2015; Ghio et al. 2014; and entrepreneurship as an urban event (Bosma, Schutjens and Stam 2009; Fritsch and Wyrwich 2014) . A constructive multi-level approach to study entrepreneurial activity has been offered by the Global Entrepreneurship Monitor (GEM) team (Reynolds et al. 2005; Levie and Autio 2008; Bosma et al. 2008 Acs et al. 2008; Stuetzer et al. 2014 ) who investigated attitudes, ability, and aspirations and integrates these with system-level factors that regulate entrepreneurship processes in a certain country region. This approach follows the recent literature on cluster emergence and evolution (Braunerhjelm and Feldman 2008) where the role of an individual is to exploit competitive advantages, generate resources and create new businesses is in the centre of a system (Saxenian 1994; Acs et al. 2013a Acs et al. , 2014 . Policy makers and scholars are now recognising the relevance of a more systemic support towards more holistic approach on developing entrepreneurial culture, greater access to information, networks and entrepreneurial finance, information access and infrastructure (Zacharakis et al. 2003; Isenberg 2010; Rodriguez-Pose 2013; Audretsch et al. 2015c) . During the recent years, both theoretical and empirical research on entrepreneurial ecosystems has been growing (Napier and Hansen 2011; Malecki 2011; Feld 2012; Wright 2014) . Acs et al. (2014) defined entrepreneurial ecosystems as "a dynamic, institutionally embedded interaction between entrepreneurial attitudes, ability, and aspirations, by individuals, which drives the allocation of resources through the creation and operation of new ventures". In their definition authors meant community entrepreneurial ecosystems that are likely defined by physical territorial boundaries. Stam (2014) provided another insight on entrepreneurial ecosystem as "an interdependent set of actors that is governed in such a way that it enables entrepreneurial action". In addition to Feld (2012) and Stam (2014) , Mason and Brown (2012) put high growth businesses with significant management functions and undertaking R&D at the heart of an entrepreneurial ecosystem (Bosma and Stam 2012) . In this study we understand entrepreneurial ecosystem as a dynamic community of interdependent actors (entrepreneurs, supplies, buyer, government, etc.) and system-level institutional, informational and socioeconomic contexts (Levie and Autio 2014; Wright 2014) . Agents interact via information technologies and networks to create new ideas and more efficient policies (Zacharakis et al. 2003; Deloitte 2012) . These policies are explained largely in one word 'jobs' (Coad et al. 2014) . Our definition draws attention to the important interaction between contextual domain of the ecosystem on the one hand, and individual decision-making driven by attitudes and perception of the context, at the other. To pursue opportunities an entrepreneur needs access to all framework conditions of the ecosystem that are conducive to business with a minimum number of the bottlenecks (Levie and Autio 2014) . Examples of well-known entrepreneurship ecosystems in regions and cities may include more traditional such as Silicon Valley, Route 158, Boston and Stanford cluster in the US with its world-class educational institutions and spin-offs, , and more recent such as Aalto area near Helsinki, Finland, London Roundabout and the Thames Valley Business hub in Berkshire, England.
Drivers of Entrepreneurial ecosystems and hypothesis formulation
The existence of entrepreneurial opportunities cannot be established ex ante, but often implicitly assumed drawing upon the individual's perceptions of the feasibility of the desired action and entrepreneurial cognition (Wright and Stigliani 2012; Acs et al. 2013b ). To conclusively validate and access an opportunity, both perceptions by an entrepreneur and the local context are important. Individual views and personal judgement about the access to labour market and finance, demand, infrastructure and cultural norms, administrative support and efficiency, competitive advantage (Saxenian 1994; Wright 2014 ) form a framework condition of the ecosystem enabling to challenge the status quo. This aspect reinforces the exploratory nature of entrepreneurial ecosystems-as individuals envisage the potential while they perceive strengths in a given region or city (Bosma and Stam 2012) . How far geographically will an entrepreneur judge? Given the conceptualisation and physical boundaries of the entrepreneurial ecosystem, scholars advocate the local level appears to be an appropriate aggregate level to many entrepreneurial decision-making and resource accumulation by entrepreneurs (Stam 2014; Stam and Nooteboom 2011; Sternberg 2009; Stuetzer et al. 2014 ). In particular, entrepreneurship at a city-level provides a relevant socioeconomic and institutional context of within the entrepreneurial ecosystem. In this study we focus on the entrepreneurial ecosystem framework conditions including the importance of IT alignment, which helps individual decision-making, judgement and the ability to foresee opportunities. While creating an efficient entrepreneurial ecosystem, it is important to adjust good regional practices with integrating historically evolved local conditions (Isenberg 2010; WEF 2013) . Our approach follows Isenberg (2010), Stem (2014), Szerb et al. (2013) , Levie and Autio (2014) but extends their works in three important ways: first, we describe the relationships within all six domains of the ecosystem framework conditions and drop the least relevant. Second, we add access to information factor within the framework conditions emphasizing an importance of information technology for entrepreneurial action (Zacharakis et al. 2003; LEAD 2014) . Third, we explain a joint relationship between REDI Index, the ecosystem framework conditions and the start-up rate advocating for the REDI as a powerful instrument to predict entrepreneurial activity in cities, additional to regions. REDI Index has become very popular and efficient in explaining entrepreneurship activity in regions, identifying the bottlenecks and policy implications Levie and Autio 2014) .
Culture and norms
Culture and norms constitute one of four framework basic conditions of the entrepreneurial ecosystem (Stam 2014) . Norms are much more specific than the context conditions within the entrepreneurial ecosystem approaches as they are seen as a specification of the formal institutions and culture ). Norms and trust that reward entrepreneurial action will provide additional resources and enhance cooperation between the actors (Acs et al. 2014; Estrin et al. 2013) . The norms and culture appeals to collective (DiMaggio and Powell 1983) and relates to a perception of trust and safety within neighbourhood, including the entrepreneurial communities. Enabling a combination of trust between the community members, neighbourhood and city safety is an important domain of a vibrant entrepreneurial ecosystem (Beinhocker 2007) . West European communities have traditionally been perceived as facilitators of entrepreneurial behaviour with safer and more trusted neighbourhoods, whilst Eastern European societies with higher bureaucracy and corruption have been perceived as lacking trust Mickiewicz 2008, 2012) . Individual entrepreneurs may choose not to start a business in corrupted, unsafe areas where customers do not trust their suppliers and vice versa (Aidis et al. 2008 ). We hypothesise:
Hypothesis 1: Local culture that facilitates trust and safety is likely to improve the entrepreneurial ecosystem.
Physical infrastructure and amenities
Cities will thrive and grow if they provide amenities and infrastructure that are attractive to its high human capital residents (Glaser et al. 2001) . Physical conditions such as infrastructure and amenities (green spaces, theatres, museums, cinemas, coffee shops and art galleries), transport links either foster or constrain interaction between the agents of the entrepreneurial ecosystem. Infrastructure enhances connectivity and linkages that facilitate the recognition of opportunities (Audretsch et al. 2015c) . Former highlight that it is physical infrastructure that facilitates connectivity between people is most conducive to entrepreneurship as it enables labour mobility, enhances exchange of knowledge and information. In doing so it further increases returns to investment in a region. Along with cultural amenities, transport and infrastructure facilitate the establishment of new networks, easing business communications, brining high-quality labour and new high-tech industries in cities . Good working conditions certainly affect the vibrancy of the local ecosystem and the quality of capacity in a local community, which enables entrepreneurs to develop a geographic community of common interest around their new ideas and technology (Feldman 2014) . Developed physical infrastructure and capacity building bring pro-active people together, but also local and regional authorities, researchers and scholars, education institutes, non-for-profits, public leaders, societal organisations, creating so-called third spaces in the ecosystem (Stam 2014) . Limited evidence on the relationship between physical infrastructure and entrepreneurship exist with Woolley (2014) found an important role of creation and configuration of the contextual infrastructure for nascent technology entrepreneurship in new industries (e.g. nanotechnology). An increasing demand for business incubators, accelerators and newly established gazellerators exist where amenities and links are available and efficient. As the value of time is being uplifted individuals will be avoiding areas where the transport is unreliable and connection insecure (Glaeser et al. 2001 ). Long-time commuting and poor connections within the city will distort the communing patterns and increase the cost for producers, suppliers and customers. Whilst a substantial research on the role of physical infrastructure and amenities has been done (Saxenian 1994; Audretsch et al. 2015c) , it lacks insight into the individual perceptions and how it reflects entrepreneurial ecosystem show how the elements of infrastructure configure and interact with the other elements through systemic coevolution (Woolley 2014) . Increases in the consumption amenities and better physical conditions including infrastructure and connectivity (Glaeser et al. 2014 ) will raise population, employment, mobility and other intermediate services, creating new market niches for new ideas Belitski 2013, 2015; .
Hypothesis 2: Transport connections and city amenities are likely to improve entrepreneurial ecosystem.
Formal institutions
Engaging the private sector and reforming bureaucratic and regulatory framework is in a heart of an efficient entrepreneurial ecosystem (Aidis et al. 2008; Isenberg 2010; Audretsch and Lehmann 2016) . Entrepreneurs are discouraged from starting up a new business if they are constrained by bureaucracy, numerous local regulations and procedures and time requirements (McMullen, Bagby and Palich 2008) as well as the large government size (Aidis et al. 2012) . Efficient administrative services, prioritization in allocation of resources and government support in providing jobs and finance (North 1990; Estrin et al. 2013; Stenholm et al. 2013) creates conducive ecosystem to start-up business and change individuals' perceptions on resource allocation, administration support and trust. This relates to the demand-side public interventions, to identify better allocation criteria to public funds with the aim to support start-ups and regional development (Audretsch et al. 2015a) . Efficient government increases demand and supply for private and public services which may result in higher growth rate in the entire economy. The positive outcomes of efficient administrative services and resource allocation will create stability and make place more attractive to live, work and invest. The recent literature on the role and the size government in the local and national economy in regards to entrepreneurship, describes the role of regulation and government efficiency to start-ups and growth (Aidis et al. 2008 (Aidis et al. , 2012 Bruton, Ahlstrom and Li 2010) . Efficient government is positively associated with ecosystem which is conducive to entrepreneurial entry (Baumol, Litan and Schramm 2009; Korosteleva and Belitski 2015) . This is also consistent with the notion of the 'rules of game' and 'players' addressed by North (1990).
Hypothesis 3: Responsibly spent resources and efficient administration services are likely to improve the entrepreneurship ecosystem.
Information technologies and Internet
Digital age is characterised by rapid technological change putting firm's capability to manage and manipulate information at the heart of firm's ability to survive and prosper (Cohen and Schmidt 2013) . Key technologies available via internet able to change the basic tenant of competition are cloud computing, social media, internet of things, mobile computing and big data analytic (LEAD 2014). Such technological delivered and connected via internet enable better understanding, processing, adoption and application of new technologies. Access to information and enabled by internet speeds up and improves the way the information flows and how new innovative products and services are conceived, developed, produced and accessed (Yoo et al. 2010) . With a business environment currently being transformed by digital technologies and Internet, fast and reliable access is needed for disrupting existing businesses and opening new opportunities for business and leadership (Liu et al. 2015) An entrepreneurial ecosystem with embedded advance technologies and higher Internet connectivity at home and in the neighbourhood could be the ideal catalyst to make the most of the huge potential of digital technologies in Europe (Deloitte 2012 ) which facilitates start-ups and high growth. Apart from making full use of existing technologies available via Internet, the innovative use of internet and orchestration of existing technologies is a powerful way for start-ups to improve business competence. Although the perceptions of individuals in regards to these new technologies and their use are hard to estimate, the availability of Internet as facilitator and a gateway to technologies is feasible to estimate.
Hypothesis 4: Internet access and connectivity is likely to improve the entrepreneurial ecosystem.
Melting Pot Index
Technology, talent and tolerance -the "3T" concept described by Florida's "The rise of creative classes" (2004) has been recognized as an important pillar of innovation, growth and entrepreneurship (Florida et al. 2008; Belitski 2013, 2015; . Florida (2004) suggested the Melting Pot Index as a proxy for diversity, tolerance and integration. Individual's perceptions of foreigners being well integrated in a city facilitate the Florida's 3T. In particular, tolerance to diverse ideas and way of thinking, race and culture creates a special ecosystem where a pull of cultures becomes a norm. It also adds to city's amenities that stimulate a fly of talent in a city (Florida 2004; Glaeser et al. 2010) . Diverse cities provide a platform for greater networking and communications between agents of various background and experiences, facilitating information and experience exchange. This may generate new ideas and speed up knowledge and information diffusion. Diversity and integration as an indicator of the Melting Pot aligns with a concept of 'Cool Cities' which have drawn policy-makers and scholars attention within the US and Europe as clusters for new ideas and businesses growth (Florida 2004; Nathan 2012 ).
Hypothesis 5: Foreigners being well-integrated are likely to improve the entrepreneurial ecosystem.
Demand and workforce
The regional demand and supply is often linked to population growth and density (Reynolds et al. 1994) . The authors pointed out population growth and density undoubtedly affect the number of entrepreneurs. Further research has also demonstrated that entrepreneurs favour larger market potential and agglomeration economies (Glaeser et al. 2014 ) which enable higher externalities and spillovers (Audretsch et al. 2006; Ghio et al. 2014 ), large economies of scale and gives further incentives to innovate and grow (Audretsch 2007; Szerb et al. 2013; Feldman 2014) . While market size is important (Delmar and Davidsson 2000) for economic growth and employment, high demand for labour and high wages may discourage individuals to starting their own business due higher opportunity costs. It will drug labour force away from start-ups and small businesses, which pay lower wages and are associated with a high risk. Large market may not offset these high opportunity costs (Audretsch et al. 2006 ). This may be a problem for early-stage growth and start-ups in particular. Demand for labour increases pressure on a real estate market with higher rents and prices for housing in places of desired residence. High rent and real estate prices on the one hand are an indicator of growth and regional economic development. On the other hand, lower availability of housing will discourage people from moving into a city as it slices their life quality. The impact of high demand for workforce and housing will therefore have an ambiguous impact on the rate and quality of entrepreneurial activity.
Hypothesis 6: The impact of high demand for labour force and housing on entrepreneurial ecosystem is ambiguous.
METHODOLOGY
Data
Our main data source is the Eurostat Statistical Database (Eurostat 2014) . We utilize perception survey data on 70 European cities and the Urban Audit data during 2004-2010 period. Perception surveys took place in random telephone interviews, 500 citizens in each city were asked about their perception of various aspects of the quality of life in "their" city related to the framework and systemic conditions of the entrepreneurial ecosystem (Stam 2014) . These perception surveys allow for comparisons between perceptions and "real" data from various statistical sources on issues such as urban security, culture and norms, labour market conditions, use of IT, labour and house demand, physical infrastructure and life quality. The first perception survey was made in 2004 in 31 cities in the EU-15, with a smaller sample per city the latest survey was made in 2009 with 75 cities. When cleaned for missing data for the framework conditions we were left with 70 cities. Table 1 summarizes the list of cities in this study. Table 2 illustrates summary statistics of six main domains of the entrepreneurial ecosystem framework. It was built using factor analysis described in the next section. The source data is divided into three periods during [2004] [2005] [2006] [2007] [2008] [2009] [2010] . Although the number of observation for each city varies between 2 or 3 ( Table 1) it is enough to estimate the model . Framework conditions of the entrepreneurial ecosystem (e.g., six domains specified in table 2) tend to be path dependent and selfreinforcing in regions and cities (Levie and Autio, 2011; Fritsch and Wyrwich 2014) and it is rare for this set-up to change during a short time period. Table 1 Here" "Insert Table 2 Here"
"Insert
Measures
Dependent variable
Individual entrepreneurs find it easy to innovate in ways that challenge the established status quo unlike the established businesses (Zahra and Wright 2011) . The challenge in the established status quo is operationalised through creating a new business (Audretsch 2007; Acs et al. 2008; Acs et al. 2013a Acs et al. , 2013b . Our depended variable is a proportion of start-ups in a city Bosma and Sternberg 2014) . The local nature of start-ups is best evidenced by the fact that most firms are started in or very near to the place of residence or work (Stam 2014 ).
Explanatory variables
Countries, but also regions and cities create a framework conditions that is conducive to entrepreneurship, mentioned as an "entrepreneurial climate" (Andersson and Koster 2011) or an entrepreneurial ecosystem (Stam 2014; Levie and Autio 2014) . This explains differences in entrepreneurship across various spatial units, but also explains why regional patterns in entrepreneurship are persistent over time (Levie and Autio, 2011) We follow Acs et al. (2013 Acs et al. ( , 2014 , Stam (2014) and Szerb et al. (2013) and operationalise six main domains or framework conditions of an entrepreneurial ecosystem. These are culture and norms, infrastructure and amenities, formal institutions, internet access and connectivity, the Melting pot index and demand. To measure all six domains of the framework conditions we use Eurostat Urban perception surveys with individuals responding to various questions related to institutional and socioeconomic content of a city where they live. More details measurement of our framework conditions (see Table 2 ). All perceptions indicators utilise continuous 0 to 100 scale, where zero is inefficient and 100 is exceptionally efficient help (Noorderhaven, Thurik, Wennekers, and van Stel 2004; McMullen, Bagby and Palich 2008) . We perform exploratory factor analysis with the individual perception variables to determine factors related to different characteristics of local content. Our pattern matrix offers a clearer picture of the relevance of each variable in the factor loadings. These are the weights and correlations between each variable and the factor. The higher the load the more relevant in defining the factor's dimensionality. Based on this criteria and a 0.6 threshold Table 4 six factors were identified (Table 3 ). The rotation oblique promax which produces orthogonal factors. This means that factors are not correlated to each other. This setting is recommended when a scholar want to identify variables to create indexes or new context variables without inter-correlated components. For a robustness check we have tried various option of factor rotation. The following loading (domains) of the framework conditions were identified: loading on Factor1 constitute 'culture' context , items loading on Factor 2 constitute 'infrastructure' context, items loading on Factor 3 constitute 'formal institutions' context, items loading on Factor 4 constitute 'internet and IT context', item loading on Factor 5 make up the Melting Pot context and finally loading on factor 6 -"demand" context. All value are positive which mean that the relationship is direct except of Factor 5 with the GDP associated negatively with the factor loading and negatively with the higher level of the Melting Pot. The last column of rotated factor loadings (pattern matrix) is unique variance of each variable. Except of a variable 'transport' with 20% unique varience, the rest of variables on the contrary have low variance not accounted by other variables, for example safety score2 has only 5% varience not chared with other variables. Table 3 lists the two Cronbach alpha and inter-item correlation coefficients. Both for inter-item correlation and a Cronbach alpha we applied 0.7 threshold of statistical significance of a factor. As presented in Table 3 , in each of the six retained factors measures load on different factors; and therefore indicates and justifies the content validity of identifying six distinctive conditions of entrepreneurial ecosystem model. We retain and save six factors to create a latent variable and describe the framework conditions in structural equation modelling. Table 3 Here"
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Control variables.
Our main control variable is the REDI Index. REDI addresses the interaction between individuals and their contexts that ultimately determines the magnitude of economic and societal benefits delivered through entrepreneurship Levie and Autio 2014) . The REDI is a complex index of regional entrepreneurship that incorporates both individual and regional levels of analysis. The REDI itself is a project supported by the European Commission (Acs et al. 2014 ) which has become an extension of GEDI project (Acs and Szerb 2010; Acs et al. 2013a) . Jointly controlling for the framework conditions and the REDI in our structural model enables better prediction. It adds to the power of association between the framework conditions of entrepreneurial ecosystem and the start-up rate solving the omitted variable bias (Stam 2014) . Including both framework conditions (Mason and Brown 2012) and the REDI Levie and Autio 2014) in a horse-race will demonstrate the power of the bottleneck leveraging method and the individual's perceptions method in capturing the local context of the ecosystem.
ANALYSIS
The first step of our analysis is exploratory factor analysis. From the Rotated factor loading (pattern matrix) we retained six factors associated with six domains of the entrepreneurial ecosystem framework. Additional to the previously studied culture, formal institutions, demand, physical infrastructure and amenities (Stam 2014; Mason and Brown 2012) we included two important domains of the entrepreneurial ecosystem framework: the Melting Pot Index (Florida et. al., 2008) and the internet access and connectivity (Deloitte 2012) . We further develop the structural equation model (SEM) which includes retained factor loadings, rather than separate variables (McCann and Ortega-Argilés 2013). All six domains constitute to a latent variable -framework conditions (see Figure 1) . The choice of SEM is determined by associations within the various institutional and socioeconomic contexts of entrepreneurial ecosystem, the relationship which is complex and inter-related (e.g. Isenberg 2010; Acs et al. 2013a Acs et al. , 2014 Stam 2014) . SEM is a popular technique of choice for economic and management scholars (Hancock and Mueller 2006; Hooper, Coughlan and Mullen 2008) . We used maximum likelihood estimation with missing values and performed a series of robustness checks to cut-offs for various indices, filter the conflicting results and analyse the goodness of fit. For example, we applied robust and clustered robust standard errors by city controlling for a spatial inter-dependence, we experimented with missing and non-missing values, survey estimation. We conducted a test of goodness of fits comparing baseline vs. saturated in a chi-square test, root mean squared error of approximation, various information indices, indices for comparison against baseline and measures based on residuals. We calculated the post-estimation criteria and accessed them following (McDonald and Ho 2002) and found most superior fit. Measures included in our SEM in Figure 1 provide the most fundamental indication of how well the proposed entrepreneurship theory fits the data. Figure 1 presents the results of SEM with factors as variables used to build the latent variable and the REDI Index.
"Insert Figure 1 here"
In a nutshell, we started with six factors to calculate the latent variable of the framework conditions. Chi-Square statistic was rejected at 1 percent significance level due to small sample size. Our small sample of 950 observations including missing values and the ChiSquare statistical power may not discriminate between good fitting models and poor fitting models (Kenny and McCoach 2003) . Due to the restrictiveness of the Chi-Square we calculated alternative indices to assess model fit. Second, our RMSEA is 0.09 which is statistically significant but critical with the recommendations for a cut-off point reduced considerably and is now in the range of 0.05 to 0.07. After the correction of the model this value went down to 0.07 which is considered an indication of fair fit and values above 0.09 indicated weak fit (Hancock and Mueller 2006) . Third, the GFI increases as the number of parameters increases with traditionally cut-off point of 0.90 has been recommended for the GFI (Hancock and Mueller 2006) . Our GFI was 0.75 which is greater than 0.7, however after improvement and correction of the model it appeared as 0.92.Related to the GFI is the AGFI which adjusts the GFI based upon degrees of freedom, with more saturated models reducing fit. Our information criteria AIC and BIC have gone down to high 10770.896 and 10882.594 accordingly after adjustment to the model. Fourth, given the complexity of SEM, it is not uncommon to find a weak fit. Allowing modification of the model with dropping factor 5 referred to "Melting Pot" and factor 6 as "Demand" improved results and the goodness of fit. We also introduced the covariance between the residuals of factor 1 "Trust" and factor 3 "Formal institutions". We grounded this into a theory of governance as more efficient allocation of resources by the local government and efficiency of administration improve the level of trust in the community (Aidis et al. 2008 (Aidis et al. , 2012 Estrin et al. 2013) . Residuals are unobserved factors that may affect both formal institutions and trust e.g. corruption level which is not in the model. Fifth, each construct should be modelled in conjunction with every other construct in the model to determine whether discriminant validity has been achieved. After dropping factor 5 and factor 6 we allowed only four domains in the framework conditions. This correction improved considerably the fit.
Sixth, we further moved to hypotheses testing. Hypotheses one to four were supported; while hypotheses five and six were not supported. We hypothesized that efficient administrative services and allocation of resources, both referred to formal institutions will be associated positively with entrepreneurial ecosystem (hypothesis 3). This hypothesis is supported at 1% significance level. Hypothesis one states that residents' perception of safe and clean neighbourhoods, where people can be trusted altogether referred to cultural and normative context are positively associated with ecosystem and it was supported. Hypothesis two is supported as well and this is the strongest significance. It provides evidence that physical infrastructure and city amenities are most important in creating conducive conditions for business. Finally, access to internet is crucial in IT and business alignment and creating an ecosystem of entrepreneurship (Liu and Li 2015) . In particular access to technologies via Internet is important in selling and winning new customers. Access to information through Internet enables a broader spectrum of business activities and opportunities to be found in the market as an interaction between the agents (e.g. blogs, feedback, social media, etc.). One of the main findings of this study is in measuring the impact of entrepreneurial ecosystem on entrepreneurial activity. In testing the model we also compared and contrasted the joint impact of the REDI Index and the entrepreneurial ecosystem framework conditions in their ability to predict the level of entrepreneurship. The REDI and the framework conditions latent variables in our model were applied jointly to correct for possible omitted variable bias. As illustrated in Figure 1 and Table 4 both the REDI and framework conditions construct are positively associated with entrepreneurial start-ups supporting the nexus: Framework conditions-the REDI-start-up rate. The impact of a latent variable is higher than the REDI and both are statistically significant. There could be two explanations. First, higher impact of the framework is due to complex and compound indictor of the framework conditions of entrepreneurial ecosystem. It includes 4 aggregated domains each of those described by various aspects of socioeconomic, institutional and informational context of a city. Second, the framework conditions are calculated using the perception surveys at a city level. This is the same level as our dependent variable, while the REDI was resigned to predict the quality of entrepreneurial ecosystem in regions. Our four domains of framework conditions add to explanatory power of the REDI at a city-level. Not surprisingly, error terms within the "trust" and "formal institution" domains of the framework are positively correlated with the covariance between two residuals being statistically significant at 1 percent significance level (Table 4) . Table 4 Here"
"Insert
RESEARCH IMPLICATIONS
Research on entrepreneurial ecosystem is fairly young (Mason and Brown 2012; Acs et al. 2014; Autio et al. 2014) . The proposed framework conditions (Isenberg 2010; WEF 2013; Stam 2014 ) form a basis for future theoretical and empirical research on entrepreneurial ecosystems, but it lacks one important domain -internet access and connectivity. This may be crucial for start-ups as IT and business alignment has become one of the main strategic advantages of business (Liu and Li 2015) . Although start-ups and SMEs consider access to internet as a strategic weapon and a survival tool (LEAD 2014) scholars have not yet introduced this dimension into entrepreneurship ecosystem studies. Therefore inclusion of informational context is necessary and can contribute to a better understanding of the entrepreneurial ecosystem. In addition, the framework conditions lack more holistic and multi-level approach, e.g. inclusion of both city and regional controls of the entrepreneurial climate while predicting the start-up rate (Bosma and Sternberg 2014) . This study defined efficient entrepreneurial ecosystem as a complex system of interactions between agents within various socioeconomic, institutional and informational contexts which generate more new businesses and growth. We answer three main questions: (1) which contexts constitute an entrepreneurial ecosystem (Stam 2014) ? (2) what is the role of individual perceptions in regard to formal institutions, norms and culture, infrastructure, amenities and IT in individuals decision-making to start a new firm? (3) do regional context (the REDI) and the local context (framework conditions) play an important role in facilitating start-up rate? Four out of six domains within the entrepreneurial ecosystem framework were found important to enhance entrepreneurial activity in European cities: culture and norms, infrastructure and amenities, formal institutions, internet access and connectivity. The REDI calculated using GEM data (Reynolds et al. 2005; Bosma et al. 2008 Szerb et al., 2013) and the framework conditions based on perception surveys by Eurostat (2014) predict the level of entrepreneurial activity in cities. We propose the following policy action: (1) enable greater labour mobility in allocation of resources and reforming formal institutions to improve the reliance on administrative support, including financing entrepreneurship and resource allocation to help start-ups (e.g. Horizon 2020, Lisbon agenda, Cohesion policy, national entrepreneurship support schemes) (Levie and Autio 2014; Horizon 2020) . Although excessive administrative support is not supportive to entrepreneurship, efficient administration enhances entrepreneurial start-ups and promotes growth (Aidis et al. 2012) ; (2) combining public and entrepreneurship leaders is important for private-public partnership which should add a stimulus to less motivated public sector. In addition the role of entrepreneurial leaders and e-leaders need to be uplifted. These are leaders who combine various domains of the ecosystem together within the IT alignment to be supported (Zacharakis et al. 2003) . Information technologies and Internet need closer alignment with entrepreneurial ecosystem aiming for high growth (Bosma and Stam 2012; Stam 2014; Liu and Li 2015) ; (3) improving cultural facilities (e.g. coffee shops, bars, theatres, museums, green areas, libraries, parks, clubs and other cultural places) will add to city's attractiveness of cities as ecosystems (Florida et al. 2008) . Cultural amenities are cityspecific and cannot be moved, but created which is known to attract creative class and highly skilled human capital (Glaeser et al. 2001; Florida 2004) ; (4) growing entrepreneurship culture and exercising a feeling of embeddedness (e.g. Your Reading, Love your city) that is one of the core determinants of individual choice to start a business in a local area. In particular these actions include incentivising educational programs and projects targeting communities; (5) stimulating entrepreneurial awareness and their access to growth finance which will select individuals with higher human capital into entrepreneurship (Stam 2008) . A particular focus should go to high-growth businesses, tailoring the demand side public interventions to identify better criteria to reach the second stage growth projects quickly (Audretsch et al. 2015a) . Another important research implication is a joint test for the REDI and the framework conditions Stam 2014; Levie and Autio 2014) . The model justified the use of REDI as a powerful instrument in explaining the failure and success of the system at both regional and city levels. This finding in regard to inclusion of REDI is important to tailor national and regional policies and in allocation of resources across regions (e.g. EU Structural and Cohesion funds). Policies in European cities need to focus on entrepreneurial policy design based on distinctive regional competitive advantages and the bottlenecks (Acs et al. 2014) . Identifying these strengths and weaknesses in regards to entrepreneurial activity in regions and cities will be a priority for local policy-makers towards creating Smart Specialization Strategies and implementing the global 'Horizon 2020' strategy for cities (Horizon 2020) . The REDI Index and four established framework conditions of the entrepreneurial ecosystem taken together provide a robust guidance for the search of prospective strengths and weaknesses in entrepreneurship support policies. From a public policy perspective, it is important to recognise the role of the framework conditions to address entrepreneurship policy that are likely to lead to lower start-up rates.
LIMITATIONS AND FUTURE RESEARCH
This empirical analysis is based on the assumption that perception about various socioeconomic, informational and institutional contexts in a city where respondents live has a strong impact on an individual decision to start a business. Of course a limitation of this study is the framework conditions of the entrepreneurial ecosystem are limited to four domains. The true relationship is far more complex (Mason and Brown 2012; Autio et al. 2014) . Future research on capturing interactions between the agents (Stam 2014) , accounting for both private and public decision-making mechanisms is needed (Feldman 2014 ). This will allow creating a multilevel, multi-component interactive model where framework and systemic conditions along will create individual choices of starting a business. Consequently, optimising and changing the dimensions of a particular city does not mean optimising the whole regional entrepreneurial ecosystem. We also assume that all dimensions require approximately the same effort to improve by the same magnitude, all normalised and measured on a scale 0 to 100 in the perception survey (Eurostat 2014) , however this may not be the case. Although all variables are compatible across 0-100 scale, the weighting mechanism has not been applied by region, for example, as it is complex to assign priorities to people's perception between different places and different conditions of the ecosystem, that vary in their geolocation, history, culture and sectoral structure. The future research will deal with the multi-level factor models of interactions between actors and supply of necessary resources (e.g. labour, capital, FDI, outsourcing), cultural interaction and exchange (migration, Melting Pot cities, cultural events and labour pull), infrastructure support (e.g. multimodality access to cities, developing infrastructure). Scholars need to demonstrate how entrepreneurial ecosystems enable or constrain such multi-level interrelations at the local and other levels (e.g. industry-city-country; individual-regionnational, etc.).
CONCLUSIONS
The aim of this study was to investigate variation in entrepreneurial activity in cities. Building on Isenberg (2010), Malecki (2011 ), Feld (2012 , Qian et al. (2013) , Acs et al. (2013 Acs et al. ( , 2014 Szerb et al. (2013) we contribute to the literature on innovation systems by implementing a holistic approach to regional system of entrepreneurship. We explicitly assumed that an individual is at the heart of an ecosystem using individuals' perceptions about the local context influence decision-making and entrepreneurial activity. We also join and Napier and Hansen (2011) in their focus on individual's embeddedness within local framework conditions. The study implements a holistic approach to entrepreneurship with the research objective to model regional and urban systems of entrepreneurship taking into account regional framework conditions (REDI) and all important factors that influence entrepreneurial ecosystem. A two-step structural model is proposed based on the literature that examines the relationship between entrepreneurship, culture, institutions, infrastructure, information, diversity and demand (Edquist 1997; 2005) , highlighting the role of geography, knowledge and ICT (Cooke 2001; Deloitte 2012; Ghio et al. 2014) We contribute to the literature by: (1) demonstration the impact of both regional context proxied by the REDI Index and the local context proxied by the framework conditions of the ecosystem on start-ups rate in cities. Both REDI and the framework conditions are complementarity and enable better understanding an 'entrepreneurship ecosystem' function; (2) measurement and justification of holistic approach through inclusion of all four domains of the entrepreneurship system framework conditions. In particular, we extended the previous models of regional entrepreneurship systems (Mason and Brown, 2012; Qian et al. 2013; Stam, 2014) with so far ignored domain -access to Internet and connectivity; (3) development of urban entrepreneurial ecosystem model which can be applied as a platform that facilitates the development of new policies exploiting both the REDI at a regional level and framework conditions of entrepreneurial ecosystem at a local level . Another key finding of this study lies in the strong association between ICT and entrepreneurship (LEAD 2014; Liu and Li 2015) . Exploitation of new technologies and business and IT alignment is important for both general entrepreneurship and high technology entrepreneurship. Public policies allowing faster access to information and Internet may further lead to a more entrepreneurial activity and more innovation. Finally, we emphasise the importance of complementarity between framework and systemic conditions of regional systems of entrepreneurship for higher efficiency. Eurostat (2014) . Perception surveys 2004 Perception surveys , 2006 Perception surveys , 2009 Urban Audit (2003 
